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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method for producing a rubber composition into which a silica is incorpo- 
rated, more specifically, to a method for producing a rubber composition which has a satisfactorily low hysteresis loss 
(low rolling resistance, low gas mileage) and well-balanced physical properties such as break characteristics, wear 
10 resistance and processability and which is suitable to use in a tire tread and the like. 

Description of Related Art 

[0002] Recently, tensile stress and break characteristics of silica-Incorporating rubber compositions have been at- 
15 tempted to be improved. With development of increasingly advanced performance of tires, a rubber composition is 
required which has well-balanced physical properties such as processability and break characteristics as well as a 
satisfactorily low hysteresis loss for use as a tire tread rubber. 

[0003] In an attempt to reduce the hysteresis loss, a modified rubber having a specific structure is employed, as a 
major component, in a carbon filler-containing rubber formulation. However, simultaneous achievement of high grip 
20 perfomriance in a rainy day and low hysteresis loss is very difficult. In order to solve such problems, some rubber 
compositions have are known in which white carbon such as silica is employed as a filler in addition to carbon black, 
or only white carbon Is employed. 

[0004] For example, a rubber composition containing a polymer whose terminals are modified with a silane compound 

and a silica is reported (e.g., JP-B No. 52-5071, JP-A No. 56-104906, JP-A No. 62-50346, JP-A No. 62-227908). 

25 However, such polymer contains an insufficient amount of a residual alkoxy group and is a polymer in which only one 
side of the tenninals is modified. Thus, the reinforcing effect and dispersing effect on fillers such as a silica, and even- 
tually, the mechanical property Improving effect are not satisfactory. Furthennore, such polymer, even when, for ex- 
ample, dllithium as an Initiator Is used(JP-A No. 62-227908), has both terminals modified with alkoxysilane. They have 
coupling capability, so that the molecular weight of the polymer becomes difficult to control practically and the viscosity 

30 of the polymer cement before and after modification becomes higher, resulting in problems with regard to steam strip 
resistance and time course change in the final bulk polymer. 

[0005] On the other hand, there is also known a rubber composition containing a polymer whose terminals are mod- 
ified with a nitrogen-containing compound, and a silica (e.g., JP-A No. 64-22940). According to this publication, In 
obtaining a diene polymer by using an alkyi lithium as an initiator, a monomer containing a nitrogen atom is used for 
35 copolymerizatton at the terminal side of polymerization, or the diene polymer is modified, at its terminal, with a com- 
pound such as aminobenzophenone. However, the resultant polymer is also a polymer in which only one side of the 
terminals is modified with the nitrogen-containing compound, similariy to those mentioned above. Thus, the reinforcing 
effect on the silica is unsatisfactory. 

[0006] A rubber composition containing, together with a silica, a butadiene/styrene rubber which has a specific struc- 
40 ture and which is obtained by solution polymerization is also provided (pnuematic tires, e.g., in JP-A No. 3-239737). 
This is not satisfactory, either, although the reinforcement by the silica is somewhat improved. 
[0007] These polymers mainly contain diene polymers, which have low affinity with a silica and are difficult to be 
made into unifomnty dispersed rubber compositions by means of kneading. To compensate this disadvantage, an ex- 
pensive silane coupling agent is incorporated in a large amount, in most of the cases. Since the silane coupling agent 
45 is readily hydrolyzed in an atmosphere, It needs to be handled with care and is difficult to be made Into rubber com- 
positions with satisfactory reproducibility. 

[0008] EP 0 002 864 A1 discloses a process for preparing polymers comprising the steps of polymerizing a monoalke- 
nyl aromatic compound and/or a conjugated diene in the presence of a monoalkali metal compound to fonn an alkali 
metal temninated polymer and reacting the alkali metal terminated polymer with an alkoxysilane containing an epoxy 

50 group. Other ingredients, such as fillers, may be added to the polymer obtained by the above process. 

[0009] EP 0 661 298 A2 describes a process for the manufacture of an elastomeric composition comprising the steps 
of copolymerizing a conjugated diene in the presence of n-butyllithium, modifying the obtained copolymer with an 
alkoxysilane having an epoxy group and mixing the functionalized copolymer with silica by milling. 
[0010] Accordingly, the inventors previously concentrated their energies on developing the method for producing a 

55 rubber composition, and then the inventors previously proposed In JP-A No. 1-188501 (first published in 1979), a 
method for improving the properties of a silica-Incorporating rubber composition in which a silica is mixed in a solvent 
with a polymer in which a specific modifier is employed. By using this method, affinity and dispersability of a diene 
polymer with the silica, break characteristics and wearing resistance are Improved, as compared with the methods 
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using conventional silane coupling agents. Nevertheless, further Improved properties of the rubber compositions for 
tire treads are demanded in response to increasingly advanced perfonnance of recent automobiles. 

SUMMARY OF THE INVENTION 

5 

[0011] The inventors have made much effort in modifying the above-mentioned method to provide a method for 
producing a rubber composition having various improved physical properties. 

[0012] Accordingly, an object of the present invention is to provide a method for producing a rubber composition 
having a low hysteresis loss (low rolling resistance, low gas mileage) and having various physical properties such as 
10 wet grip property, break characteristics, wearing resistance and processabiiity which are satisfactorily well-balanced. 
[0013] The Inventors have found that, by modifying a terminal of a specific polymer with a silane modifier having a 
specific functionality, a method can be obtained for producing a rubber composition having a low hysteresis loss (low 
rolling resistance, low gas mileage) and satisfactorily well-balanced physical properties. As a result the present inven- 
tion has been established. 

IS [0014] Thus, a method for producing a rubber composition according to the present invention comprises: 

the step wherein a conjugated diene monomer, or a conjugated diene monomer/a vinyl aromatic hydrocarbon 
monomer are polymerized by using an organic lithium initiator; 

the step wherein an active terminal of the polymer or copolymer thus obtained is modified with a modifier repre- 
20 sented by the general formula (I) shown below and having reactivity with a silica surface; and, 

the step wherein the temiinally-modified polymer or terminally-modified copolymer thus obtained is mixed with a 
silica in an organic solvent. 

25 General formula (I) ^Si(0R^)^X(4.^.^) 

wherein R** denotes a substituent having an epoxy group or an unsaturated carbonyl group, X denotes an alkyi group 
or a halogen atom, R^ denotes a group selected from the group consisting of aliphatic, alicycllc and aromatic hydro- 
carbons of 1 to 20 carbon atoms, m denotes an integer from 1 to 3, n denotes an integer from 1 to 3 and m+n is an 
30 integer from 2 to 4. 

[0015] The achievement of the above-mentioned object is possibly due to reactivity of the filler silica surface with 
the alkoxy functionality supplied by the modifier to the polymer, as well as due to high affinity of hydroxyl groups formed 
by the reaction of the substituted epoxy group or unsaturated carbonyl group with sllanol groups on the silica surface. 

35 PREFERRED EMBODIMENTS OF THE INVENTION 

[001 6] In the first step of the method according to the present invention, a conjugated diene monomer or a conjugated 
diene monomer/a vinyl aromatic hydrocarbon, monomer are polymerized using an organic lithium initiator. The conju- 
gated diene monomer may be a conjugated diene hydrocarbon having in its molecule 4 to 12 carbon atoms, preferably 

40 4 to 8 carbon atoms. For example, 1 ,3-butadiene, isoprene, 2,3-dimethyl-1 ,3-butadiene, 1 ,3-pentadiene, octadiene 
and the like may be employed alone or in a mixture thereof, and 1 ,3-butadiene and isoprene are particularly preferred. 
[001 7] The vinyl aromatic hydrocarbon monomer for forming a copolymer together with the conjugated diene mon- 
omer includes, for example, styrene, a-methylstyrene, p-methylstyrene, o-methylstyrene, p-butylstyrene, vinyl naph- 
thalene and the like, and styrene is particularly preferred. 

45 [0018] The organic lithium compound used herein as an Initiator may be alkyI lithium such as n-butyl lithium, sec- 
butyl lithium, ethyl lithium, propyl lithium, t-butyt lithium and hexyl lithium, alkylene dilithium such as 1 ,4-dillthiobutane, 
other lithiohydrocarbon such as phenyl lithium, stilbene dilithium and reaction products of butyl lithium and divinyl 
benzene, or organic lithiometals such as lithium tributyltin, lithium amides such as lithium diethylamide, N-methylbenzyl 
lithium amide, dioctyllithium amide, lithium piperidide, lithium pyrrolldide and lithium hexamethylene imide, and organic 

50 lithium compounds including tertiary amine lithiums such as dimethylaminopropyl lithium and diethylaminopropyl lith- 
ium. 

[0019] These organic lithium initiators may be employed alone or in a mixture thereof. The method for initiating 
polymerization using the organic lithium initiator may be a method wherein the polymerization is initiated by adding a 
monomer to a system containing a lithium amide initiator obtained from a secondary amine compound such as diethyl- 
55 amine or an imine compound such as hexamethylene Imlne and an organic lithium compound, a method wherein the 
polymerization is proceeded by adding a secondary amine compound or an imlne compound to a system containing 
a monomer and an organic lithium compound to obtain a lithium amide catalyst as an initiator, or a method wherein 
the polymerization is initiated using only an organic lithium compound (for example butyllithium) without using a sec- 
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ondary amine compound or an imine compound. 

[0020] The secondary amine compound usedtogetlierwitli the lithium Initiator Includes, for example, dimethylamine, 
diethylamlne, dipropylamlne, dl-n-butylamlne, dlisobutylamlne, dipentylamlne, dihexylamine, diheptylamlne, dioc- 
tylamlne, diallylamlne, dicyclohexylamine, butylisopropylamine, dibenzylamine, methylbenzylamine, methylhexy- 

5 lamine and ethylhexylamine. Among them, an amine having a group selected from aliphatic hydrocarbon groups of 1 
to 10 carbon atoms is preferable in view of further improvement in break characteristics and low hysteresis loss. 
[0021] The imIne compound mentioned above includes, for example, aziridlne, azetidine, pyrrolidine, piperidine, 
2-methylpiperidlne, 3-methylpiperidine, 4-methylplperldine, 3,5-dimethylpiperldlne, 2-ethylpiperldine, hexamethylene- 
Imine, heptamethylenelmlne, conllne, morphollne, N-methylplperazlne, N-ethylplperazlne, N-methyllmldazollne, N- 

10 ethylimidazoline, oxazine, pyrroline, pyrrole and azepine. Among them, a group selected from imine compound residue 
of 4 to 12 carbon atoms is preferable in view of further improvement in break characteristics and low hysteresis loss. 
[0022] Among the Initiators listed above, n-butyllithium or sec-butylllthium Is a preferred alkylllthium in view of solu- 
bility in hydrocarbon solvents and Initiation rate, for example. In cases where such alkyllithium is employed as an 
Initiator, simultaneously with a secondary amine compound or Imine compound. On the other hand, in cases where a 

15 lithlumamide initiator is employed from the beginning, lithium hexamethyleneimide, lithium pyrrolidide and lithium di- 
ethylamide are preferred in view of solubility in hydrocarbon solvents and reinforcing effect on a silica. 
[0023] The amount of the lithium compound Is 0.2 to 30 mmol per 100 g of a monomer. An amount less than 0.2 
mmol or more than 30 mmol results in a polymer having unsatisfactory processabllity. 

[0024] A conjugated diene polymer obtained In this step is preferably polybutadlene, which has an excellent wearing 
20 resistance. A conjugated diene/vinyl aromatic hydrocarbon copolymer is preferably butadiene/styrene copolymer, 
which has an excellent wearing resistance and aging resistance. 

[0025] The microstructure (i.e., cis-1 ,4-, trans-1 ,4, vinyl) of the butadiene moiety of a conjugated diene copolymer, 
for example, polybutadiene and butadiene/styrene copolymer Is not particularly limited; However, It may usually be 
one fomned when an organic lithium catalyst system is used. 

25 [0026] The concentration of a monomer in a solvent is usually 5 to 50 % by weight, preferably 1 0 to 35 % by weight. 
In a case of a copolymer of a conjugated diene and a vinyl aromatic hydrocarbon, the vinyl aromatic hydrocarbon 
content in the monomer mixture charged is 5 to 70 % by weight, preferably 10 to 50 % by weight. 
[0027] Although the composition or ratio of a conjugated diene/a vinyl aromatic hydrocarbon copolymer, for example, 
butadiene/styrene copolymer, is not particularly limited, a weight ratio of 30/70 to 95/5 Is usually employed. The com- 

30 position distribution of the copolymer may be a random distribution, a block distribution or an Intermediate distribution 
between them, with a random or Intermediate distribution being usually preferred. 

[0028] In the second step in the method for producing according to the present invention, the polymer or copolymer 
(hereinafter referred to as (co)polymer, as appropriate) obtained as described above is modified with a modifier rep- 
resented by the general formula (I) shown below. 

35 

General fomiula (I): ^Si(0R^)„X(4.^.,) 

[0029] The modifier represented by the general fomiula (1) shown above Is a silane compound having an epoxy or 
40 glycidoxy group or equivalent, and in the formula is a substituent having an epoxy group or an unsaturated carbonyl 
group. Preferably the number of carbon atoms of R' is from 3 to 20. 

[0030] X denotes an alkyi group (preferably of 1 to 20 carbon atoms) or halogen atom, and R2 denotes a group 
selected from aliphatic, alicyclic and aromatic hydrocarbon groups of 1 to 20 carbon atoms. R^ is preferably a group 
selected from aliphatic, alicyclic and aromatic hydrocarbon groups of 1 to 13 carbon atoms. The aliphatic and alicyclic 

45 hydrocarbon groups are preferably those selected from aliphatic and alicyclic hydrocarbon groups, each of which has 
1 to 6 carbon atoms In view of further Improvement In break characteristics and low hysteresis loss. An alkyI group of 
1 to 3 carbon atoms is more prefen'ed In view of reactivity with a silica surface. The aromatic hydrocarbon group may 
be, for example, phenyl, naphthyl, biphenyl, anthryl and phenanthryl, with phenyl being preferred. Among those de- 
scribed above, the most preferable group is that selected from methyl, ethyl, propyl and phenyl, which are capable of 

50 further Improving break characteristics and low hysteresis loss. 

[0031] m denotes an integer from 1 to 3, n denotes an integer from 1 to 3 and m+n is an integer from 2 to 4. m and 
n may vary within the range meeting the above-mentioned provision depending on a production condition and are not 
particularly limited. Both of a pure compound whose "m" and "n" are fixed and a mixture of compounds whose "m"s 
and "n"s are different to each other may be used in the method according to the present invention. 

55 [0032] A prefen^ed formula of the general formula (I) is the following general fomiula (la) : 
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wherein R'^ denotes a group selected from the group consisting of y-glycidoxyethyl, y-glycidoxy propyl, y-glycidoxybutyl, 
Y-methacryloxymethyl, y-methacryloxyethyl, T^nnethacryloxypropyl, p -(3,4-epoxycyclohexyl)ethyl and p- (3,4-epoxycy- 
clohexyl)propyl, X' denotes an alkyl group of 1 to 20 carbon atoms or a halogen atom, R'2 denotes a group selected 
from the group consisting of methyl, ethyl, propyl, butyl, phenyl, naphthyl, biphenyl, anthryl and phenanthryl, m denotes 
an integer from 1 to 3, n denotes an integer from 1 to 3 and m+n is an integer from 2 to 4. 

[0033] The modifier represented by the general formula (I) includes, for example, yglycidoxyethyl trimethoxysilane, 
y-glycldoxypropyl trimethoxysilane, y-glycidoxybutyl trimethoxysilane, y-glycidoxypropyl triethoxysilane, y-glycldoxy- 
propyl tripropoxysllane, y-glycidoxypropyl tributoxysllane y-glycidoxypropyl triphenoxysilane, y-glycidoxypropyl meth- 
yldimethoxysilane, y-glycidoxypropyl ethyldlmethoxysilane y-glycidoxypropyl ethyldiethoxysilane, y-glycidoxypropyl 
methyldiethoxysilane, y-glycidoxypropyl methyldipropoxysilane, y-glycidoxypropyl methyldibutoxysilane, y-glycidoxy- 
propyl methyldiphenoxysllane, y-glycidoxypropyl dimethylmethoxysllane, y-glycidoxypropyl diethylethoxysilane, y-gly- 
cidoxypropyl dimethylethoxysilane, y-glycldoxypropyl dimethylphenoxysilane, y-glycidoxypropyl diethylmethoxysilane, 
y-glycldoxypropyl methyldiisopropenoxysilane, bis(y-glycidoxypropyl)dimethoxysilane, bis( y-glycidoxypropyl)diethox- 
ysilane, bis (y-glycidoxypropyl)dipropoxysilane, bis(y-glycidoxypropyl)dibutoxysilane, bis(y-glycidoxypropyl)diphenox- 
ysilane, bis(y-glycidoxypropyl)methylmethoxysilane, bis(y-glycidoxypropyl}methylethoxysilane, bis(y-glycidoxypropyl) 
methylpropoxysllane, bis(y-glycidoxypropyl)methylbutoxysitane, bis(y^glycldoxypropyl)methylphenoxysilanetris(y-g)y- 
cldoxypropyl)methoxysilane, y-methacryloxypropyl trimethoxysilane, y-methacryloxypropyl triethoxysilane, y-meth- 
acryloxymethyl trimethoxysilane, y-methacryloxyethyl triethoxysilane, bis(y-methacryloxypropyl)dimethoxysilane, tris 
(y-methacryloxypropyl)methoxysilane, p-(3,4-epoxycyclohexyl)ethyl-tr(methoxysilane, p-(3,4-epoxycyclohexyl)ethyl- 
triethoxysilane, p-(3,4-epoxycyclohexyl)ethyl-tripropoxysilane, p-(3,4-epoxycyclohexyl)ethyl-tributoxysilane, p- 
(3,4-epoxycyclohexyl)ethyl-triphenoxysilane, p-(3,4-epoxycyclohexyl)propyl-trimethoxysilane, p-(3,4-epoxycy- 
clohexyl)ethyl-methyldimethoxysiIane, p-(3,4-epoxycyc!ohexyl)ethyl-ethyldimethoxysilane, p-(3,4-epoxycyclohexyl) 
ethyl-ethyldiethoxysilane, p-(3,4-epoxycycloexyl)ethyl-methyldiethoxysilane, p-(3,4-epoxycyclohexy)ethyl-methyld- 
ipropoxysilane, P-(3,4-epoxycyclohexyl)ethyl-methyldibutoxysilane, p-(3,4-epoxycyclohexyl)ethyl-methyldiphenoxysi- 
lane, p-(3,4-epoxycyclohexyl)ethyl-dimethylmethoxysilane, p-(3,4-epoxycyclohexyl)ethyl-diethylethoxysilane, p- 
(3,4-epoxycyclohexyl)ethyl-dimethylethoxysilane, p-(3,4-epoxycyclohexyl)ethyl-dimethylpropoxysilane, p-(3,4-epoxy- 
cyclohexyl)ethyl-dimethylbutoxysilane, p-(3,4-epoxycyclohexyl) ethyl-dimethylphenoxysilane, p- (3,4-epoxycy- 
clohexyl) ethyl-diethylmethoxysilane, p-(3,4-epoxycyclohexyl]ethyl-methyldiisopropenoxysilane and the like. Among 
them, y-glycldoxypropyl trimethoxysilane and y-methacryloxypropyl trimethoxysilane are preferable since they further 
improve the physical properties such as wearing resistance as well as low hysteresis loss. 

[0034] The amount of a modifier used is 0.1 to 1 0 molecules, preferably 0.2 to 3 molecules per one lithium atom. An 
amount departing from the range specified above results in reduced reaction efficiency of the silica, which may cause 
poor dispersion of the silica. 

[0035] The polymerization reaction and the reaction between the polymeric active terminals and a modifier, described 
above, may be conducted at a constant temperature or temperature being elevated gradually, preferably within the 
range from 0 to 150 °C. 

[0036] The polymerization reaction is conducted by allowing a monomer in a liquid phase to be in contact with a 
catalyst under a pressure sufficient to keep the liquid phase. All materials to be included in the reaction system are 
preferably free from the substances interfering the catalytic effect. The reaction conducted with an added modifier after 
polymerization should be maintained in an atmosphere in which the active terminals of a (co)polymer are not in acti- 
vated. 

[0037] In this method, the organic solvent employed as a polymerization solvent includes aromatic hydrocarbon 
solvents such as benzene, toluene and xylene, aliphatic hydrocarbon solvents such as n-pentane, n-hexane, n-butane, 
1-methylbutene, heptane and octane, alicyclic hydrocarbon solvents such as methylcyclopentane and cyclohexane 
and mixture thereof. Any of solvents capable of dissolving or dispersing the (co)polymer mentioned above unifonnly 
may be employed without particular limitation. 

[0038] In this polymerization, when a (co)polymer having a specific molecular structure is desired, a randomizer is 
preferably employed. The randomizer herein means a compound having the functions to control the microstructure of 
the conjugated diene polymer, for example, to increase the rate of 1 ,2-bonds in the butadiene moiety of a butadiene 
polymerorbutadiene/styrene copolymer, orthe ratio of3,4-bondsof an isoprene polymer and to control the composition 
distribution of the monomer units of a conjugated diene/a vinyl aromatic hydrocarbon copolymer, for example, to ran- 
domize the butadiene units and styrene units of a butadiene/styrene copolymer 

[0039] The randomizer which may be used iu the present invention is not particularly limited, and all those employed 
usually may be included. Examples of the randomizers are listed below. 

(1) Ethers 

(2) o-Dimethoxybenzenes 

(3) Complexes of an alkaline metal with a ketone or triphosphite 
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(4) Compounds represented by the general fomnula shown below 

R(OM^)n, (R0)2M^, R(C00M\, R0C00m\ RSOgM^ , ROSOaM^ 

5 

wherein R is selected from aliphatic, alicycllc and aromatic hydrocarbons, is an alkaline metal, particularly 
lithium, sodium, potassium, rubidium or cesium, M2 is an alkaline earth metal, typically calcium or barium, and n 
is an integer of 1 to 3. 

(5) Tertiary amines 

10 

[0040] The randomizers are detailed below and they may be employed alone or in a mixture thereof. 

(1) Examples of the ethers include 1 ,2-dimethoxyethane, 1 ,2-diethoxyethane, tetrahydrofurane, 2-methoxyme- 
thyl-tetrahydrofurane, diethylether, triethyleneglycol dimethyl ether and the like. 

(2) Examples of the o-dimethoxybenzenes are veratrol and isohomoveratrol. 

(3) Examples of a complex of an alkaline metal with a ketone or triphosphite are complexes of lithium, sodium, 
potassium, rubidium and cesium with a ketone such as acetone, methyl ethyl ketone, diisopropyl ketone, benzo- 
phenone, acetophenone, dibenzyl ketone, fluorenone, xthantone, Michler's ketone and acetylacetone or with a 
trphosphlte such as triethyl phosphite, trioctyl phosphite, tribenzyl phosphite and trinonyl phosphite. 

20 (4) The randomizers represented by the general formula are detailed below. 

Examples of alkaline metal salts or alkaline earth metal salts of alcohols and phenols, represented by the 
general formulas R(OM"')n and (RO)2M2 are lithium, sodium, potassium, rubidium, cesium, calcium and barium 
salts of methyl alcohol, ethyl alcohol, isopropyl alcohol, t-butyl alcohol, t-amyl alcohol, cyclohexyl alcohol, allyl 
alcohol, 2-butenyl alcohol, benzyl alcohol, phenol, catechol, resorcinol, hydroquinone, 1-naphthyl alcohol, p-nonyl 

25 phenol, pyrogallol and the like. 

Examples of the carboxylate and acidic carbonate salts of the alkaline metals, represented by the general 
formulas R(COOM^)n and ROCOOM^ are lithium, sodium, potassium, rubidium and cesium salts of isovaleric acid, 
lauric acid, palmitic acid, stearic acid, oleic acid, rosin acid, benzoic acid, pimelic acid, acidic n-dodecyl carbonate 
and acidic phenyl carbonate. 

30 Examples of the sulfonates and sulfates of the alkaline metals, represented by the general formulas RSO3M"' 

and ROSOgM^ include lithium, sodium, potassium, rubidium and cesium salts of dodecylbenzene sulfonate, diiso- 
propylnaphtharene sulfonate, N-methyl-N-methanesu!fonate laurylamlde, sulfate salt of lauryl alcohol and caproyi 
ethylene glycol sulfate. 

(5) Examples of tertiary amines are triethylamine and tetramethyl ethylenediamlne. 

35 

[0041] Among them, preferable randomizers are ethers in section (1) and R(OM^)n compounds in section (4) listed 
above, especially with which the molecular structure of a rubber composition obtained by the present method can 
readily be controlled. 

[0042] The amount of a randomizer used is within the range from 0.01 to 1 000 molar equivalents per molar equivalent 

40 of an organic lithium compound. 

[0043] In the third step in the method according to the present invention, after completion of modification reaction of 
the temiinally-modified (co)polymer obtained mentioned above, the (co)polymer allowed to remain in the above-men- 
tioned organic solvent, i.e. , the polymerization solvent, or the polymerization solvent is removed and the organic solvent 
listed above is newly added and the terminally-modified (co)polymer is dissolved therein. Into the system, a silica in a 

45 required amount is added. In the method according to the present invention, it is important to mix the silica with the 
(co)polymer in the presence of the organic solvent, in view of uniform dispersion of the silica and reactivity with the 
(co)polymer. 

[0044] The silica employed in the method for producing a rubber composition according to the present invention 
includes, for example, silicon compounds such as wet silica (hydrated silicic acid), dry silica (anhydrous silicic acid), 
50 calcium silicate and aluminium silicate. A wet silica is preferable since it provides improvement in break characteristics 
while providing both of high grip property and low rolling resistance simultaneously 

[0045] The amount of a silica incorporated is 10 to 100 parts by weight per 100 parts by weight of the temiinally- 
modified (co)polymer described above, and preferably 20 to 60 parts by weight in view of the reinforcement by the 
silica and efficiency of accompanying improvement in various physical properties. An amount less than 1 0 parts by 
55 weight results in unsatisfactory break characteristics, while an amount exceeding 100 parts by weight causes poor 
processability. 

[0046] Mixture of the silica with the terminally-modified (co)polymer is conducted by reacting the (co)polymer with 
the silica well, at a temperature of 0 to 150 •C, preferably 50 to 130 'C. 
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[0047] A filler to be added to a rubber composition produced by the method according to the present invention may 

exclusively be the silica Incorporated herein. In such case, the silica is employed in an amount of 10 to 100 parts by 
weight based on 100 parts by weight of the entire rubber material containing the terminally-modified (co)polymer, and 
preferably 20 to 60 parts by weight, in view of reinforcement and accompanying improvement in various physical 
5 properties. An amount less than 10 parts by weight results in unsatisfactory break characteristics, while an amount 
exceeding 100 parts by weight causes poor processabllity. 

[0048] Alternatively, a carbon black may also be employed as a filler in addition to the silica. In such case, enhanced 
improvement in various physical properties can be obtained. The carbon black to be employed includes carbon blacks 
such as FEF, SRF, HAF, ISAF, SAF and the like, and preferably those having a iodine absorption (lA) of 60 mg/g or 

10 more and dibutylphthaiate oil absorption value (DBF) of 80 mI/1 00 g or more. HAF, ISAF and SAF having an excellent 
wearing resistance are particularly preferred. The amount of a carbon black to be Incorporated is not particularly limited 
provided that the effect of the silica is exhibited. It Is however preferable In view of reinforcement and processabllity to 
incorporate from 0.1 to 90 parts by weight of the carbon black and from 1 0 to 99.9 parts by weight of the silica into 100 
parts by weight of a starting rubber. 

15 [0049] When mixing the silica with the above-mentioned (co) polymer, a filler such as the carbon black and a process 
oil may be added to the mixture in the presence of organic solvents. 

[0050] The process oil which may be employed in the present invention includes, for example, paraffin oils, naphthene 
oils and aromatic oils. The aromatic oils are used in cases where high tensile strength and wearing resistance are 
Important, while the naphthene and paraffin oils are used in cases where low hysteresis loss and low temperature 
20 characteristics are important. The amount used is 0 to 1 00 parts by weigh per 1 00 parts by weight of the (co)polymer. 
An amount exceeding 1 00 parts by weight markedly affects the tensile strength and low hysteresis loss of a vulcanized 
rubber finally obtained adversely. 

[0051] After mixing and reacting with the silica, the solvent is removed to obtain a master batch rubber composition 
according to the present invention. The solvent may be removed, for example, by purging with steam, by adding a poor 
25 solvent such as methanol into the reaction system to solidify the polymer followed by drying with a thermal roll or under 
reduced pressure, or by subjecting the polymer solution directly to the thermal roll or reduced pressure, according to 
conventional procedures. 

[0052] The Mooney viscosity (ML^^4, 100 'C) of the master batch rubber composition thus obtained is preferably 
within the range from 20 to 200. A Mooney viscosity less than 20 results in poor tensile strength and affects break 

30 characteristics adversely, while that exceeding 200 causes problems with regard to processabllity. 

[0053] The master batch rubber composition thus obtained according to the present method may be optionally blend- 
ed with natural rubbers or other synthetic rubbers, together with other additives and vulcanizing agents, as desired. 
[0054] When blending with the natural rubbers or other synthetic rubbers, the master batch rubber composition should 
be contained in an amount of 1 0 parts by weight or more per 1 00 parts by weight of the entire rubber material employed 

35 for the rubber composition, and preferably in an amount of 40 parts by weight or more for the purpose of realizing the 
advantageous effect of the polymer according to the present Invention sufficiently. For example, in a blend with a natural 
rubber, the polymer obtained by the present invention in an amount less'than 10 parts by weight affects the balance 
of necessary properties of a rubber composition adversely. 

[0055] The synthetic rubber which may be blended is cis-1 ,4-polyisoprene, styrene/butadiene copolymer, low cis- 
40 1 ,4-polybutadiene, high cis-1 ,4-polybutadiene, ethylene/propylene/diene copolymer, chloroprene, halogenated butyl 
rubber, acrylonltrile/butadiene rubber (NBR) and the like. Among them, it is preferable to blend a natural rubber, high 
cis-1 ,4-polybutadiene and halogenated butyl rubber in view of tensile strength, wearing resistance and processabllity. 
[0056] In the rubber composition obtained according to the present method, a sitane coupling agent is incorporated 
in order to further Improve the reinforcing effect of a silica. The examples of the silane coupling agent are listed below. 
45 Bls(3-tnethoxysilylpropyI)tetrasulfide, bis(2-triethoxysilylethyl)tetrasu!fide, bis(3-trimethoxysllylpropyl)tetrasulfide, bis 
(2-trlmethoxysilylethyl)tetrasulfide, 3-mercaptopropyltrimethoxysilane, 3-mercaptopropyltriethoxysilane, 2-mercap- 
toethyltrimethoxysilane, 2-mercaptoethyltriethoxysilane, 3-nitropropyltrimethoxysilane, 3-nltropropyltriethoxysilane, 
3-chloropropyltrimethoxysilane, 3-chloroporpyltriethoxysllane, 2-chloroethyltrlmethoxysllane, 2-chloroethyltriethoxysl- 
lane, 3-trimethoxysilylpropyl-N,N-dlmethylthiocarbamoyltetrasulfide, 3-triethoxysllylpropyl-N,N-dimethylthlocar- 
50 bamoyltetrasulfide, 2-triethoxysilylethyl-N,N-dimethylthiocarbamoyitetrasulfide, 3-trlmethoxysllylpropylbenzothiazole 
tetrasulfide, 3-trlethoxysilylpropylbenzothlazoletetrasulfide, 3-triethoxysilylpropylmethacrylate monosulfide, 3-trimeth- 
oxysilylpropylmethacrylate monosulfide and the like. 

[0057] Bis(3-triethoxysilylpropyl)tetrasulfide and 3-trimethoxysilylpropylbenzothlazole tetrasulfide are preferred in 
view of the reinforcement improving effect. Other examples are bis(3-diethoxymethylsilylpropyl)tetrasulfide, 3-mercap- 
55 topropyldimethoxymethylsilane, 3-nltropropyldlmethoxysilane, 3-chloropropyldimethoxymethylsllane, dimethoxymeth- 
ylsilylpropyl-N,N-dlmethylthiocarbamoyltetrasulfide and dimethoxymethylsllylpropylbenzothiazole tetrasulfide. 
[0058] When a silane coupling agent is Incorporated In a rubber composition obtained according to the present 
method, the amount of the agent may be smaller than a conventional amount for maintaining the equivalent physical 
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properties. In view of the reinforcement, the amount may be 0.1 to 10 parts by weight, preferably 0.1 to 5 parts by 
weight per 100 parts by weight of the rubber material although it may vary depending on the amount of the silica 
incorporated 

[0059] A vulcanizing agent employed in a rubber composition obtained according to the present invention may be 
5 sulfur and the like, which is employed in an amount of 0.1 to 5 parts by weight, preferably 1 to 2 parts by weight per 
1 00 parts by weight of the rubber material. An amount less than 0.1 parts by weight results in affecting break strength, 
wearing resistance and hysteresis loss of a vulcanized rubber adversely, while an amount exceeding 5 parts by weight 
causes loss of rubber elasticity. 

[0060] A vulcanization accelerator which can be employed in the present invention is not particularly specified, and 
10 may preferably be thiazoles such as M (2-mercaptobenzothiazole), DM (dibenzothiazylsulfide) and CZ (N-cyclhexyl- 
2-benzothiazylsulfenamlde) as well as guanidines such as DPG (diphenylguanldine), any of which may be used in an 
amount of 0.1 to 5 parts by weight, preferably 0.2 to 3 parts by weight per 100 parts by weight of the rubber material. 
[0061] This rubber composition may contain, in addition to those described above, additives usually employed In- 
the rubber industries such as anti-aging agent, zinc oxide, stearic acid, antioxidants and anti-ozone degradation agent. 
15 [0062] In the method according to the present invention, after incorporating the components described above, a 
kneader such as a roil and an Internal mixer may be used to yield a rubber composition. 

[0063] The rubber composition thus obtained may be molded and vulcanized and then used in tire components such 
as tire treads, under treads, carcasses, side walls and bead parts, as well as in other Industrial materials such as 
vibration proof rubbers, belts and hoses. In particular, It is used preferably as a rubber for a tire tread. 

20 

Examples 

[0064] The present invention will be further described in the following examples, which are not intended to restrict 
the present invention. 

25 [0065] In the examples, parts and percents are ones by weight unless otherwise specified. 
[0066] Measurements were conducted as follows. 

[0067] The microstructure of the butadiene moiety of a polymer was detemiined by infrared method (Morero method). 
The bound styrene content in a butadiene/styrene copolymer was calculated based on the ratio of integrated values 
from ""H-NMR spectrum. 
30 [0068] Compound Mooney was determined at 1 28*C according to JiS K6300. 

[0069] As an index of hysteresis loss, tan 5 was employed. A composition having a lower tan 5 was regarded as that 
having a lower hysteresis loss. The value of tan 5 was detemiined using a rheometer (Rheometrix) at the temperature 
of 50 " C with tile strain of 8% and the frequency of 15 Hz. 

[0070] Physical property (tensile strength at break, extension at break) and 300 % modulus (M300) were determined 
35 according to JIS K6301 . 

[0071] Wearing resistance was determined by measuring an amount of wearing at the slip rate of 60 % at a room 
temperature using a Lambourn type wearing tester. Wearing resistance index was represented as a value based on 
the wearing resistance of the vulcanized rubber obtained from Polymer C in Comparative Example 1 being 100. A 
greater index reflects a better result. 

40 

Example 1 

Synthesis of Polymer A and preparation of Master batch A 

[0072] In a 5 liter reaction vessel which was dried and purged with nitrogen, 2000 g of cyclohexane, 400 g of 1 ,3-buta- 
diene monomer, 100 g of styrene monomer and 10 g of tetrahydrofurane were charged and then the solution was 
heated to 40 C, and 0.32 g of n-butyllithium was added thereinto to initiate polymerization. After checking the peak 
temperature of the polymerization and reduction in pressure, y-glycidoxypropyltrimethoxysilane (GPMOS) as a modifier 
was added in the amount equimolar to n-butyllithium (1.1 8g), and then the reaction was further proceeded for 30 
so minutes. 

[0073] About a half of the copolymer solution was taken as a sample, and an antioxidant di-t-butyl-p-cresol was 
added thereinto in the amount of 0.5 g per 100 g of the copolymer Then the solution was dried to remove the solvent 
in a conventional manner to obtain the copolymer composition designated as Polymer A. 

[0074] To 1 00 parts by weight of the remainder of the copolymer solution, 50 parts by weight of a silica (VN3: Trade- 
rs name, Nippon Silica) was admixed and the mixture was stirred at a room temperature for about 1 hour thereby reacting 
the terminals of the copolymer with the silica. Finally, di-t-butyl-p-cresol was added thereinto in the amount of 0.5 g 
per 100 g of the copolymer, and the solution was dried to remove the solvent in a conventional manner to obtain the 
tenninally-modified copolymer composition designated as Master batch A. 



8 



EP 0 767 179 B1 



[0075] The microstructure of this copolymer was represented by the styrene content of 20 % by weight and the vinyl 
content of 50 % by weight for the total butadiene unit. 



Synthesis of Polymer B and preparation of IVIaster batch B 

[0076] Polymer B and Master batch B were obtained similarly as in Example 1 except for adding 1 .24 g of y-meth- 
acryloxypropyl trimethoxysilane ( y-MS) as a modifier instead of CPMOS. 
10 [0077] The microstructure of this copolymer was represented by the styrene content of 21 % by weight and the vinyl 
content of 49 % by weight. 

Comparative Example 1 

IS Synthesis of Polymer C and preparation of Master batch C 

[0078] Polymer C and Master batch C were obtained similarly as in Example 1 except for adding no modifier GPMOS. 
[0079] The microstructure of this copolymer was represented by the styrene content of 21 wt.% and the vinyl content 
of 51 wt.%. 

20 [0080] To each of the polymers and master batches obtained as described above, various additives were incorporated 
in the amounts shown In Table 1 , and kneaded and then vulcanized for 30 minutes at 140 ^ C to prepare a vulcanized 
rubber. The physical properties of the vulcanized rubbers thus obtained were evaluated and the results are shown in 
Table 2. 

25 Comparative Example 2 

Synthesis of Polymer D and preparation of Master batch D 

[0081] Polymer D and Master batch D were obtained similarly as in Example 1 except for adding 0.89 g of methyl- 
30 triethoxysilane instead of GPMOS. 

[0082] The microstructure of this copolymer was represented by the styrene content of 20 wt.% and the vinyl content 
of 51 wt.%. 

[0083] To each of the polymers and master batches obtained as described above, various additives were incorporated 
in the amounts shown in Table 1 , and kneaded and then vulcanized for 30 minutes at 1 40° C to prepare a vulcanized 
35 rubber. The physical properties of the vulcanized rubbers thus obtained were evaluated and the results are shown in 
Table 2. 



Example 2 



5 



Table 1 



40 



Polymer 4- silica or Master batch 
Stearic acid 
Antioxidant *2 
Zinc oxide 
Aromatic oil 

Vulcanization accelerator (DPG*^) 
Vulcanization accelerator (DM*^) 
Sulfur 



1 50*1 (parts by weight) 
2 



3 



15 



45 



0.8 

1.2 
2.0 



50 



*1 Polymer 100 parts ■¥ silica 50 parts 
*2 Di-t-butyl-p-cresol 
*3 Diphenylguanidlne 
*4 Dibenzothiazyl disulfide 



55 
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[0084] As evident from Table 2, the rubber compositions obtained by the present method had excellent break char- 
acteristics, modulus, wearing resistance and low hysteresis toss (tan 5 : 50 C) as well as well-balanced physical 
properties including processability, while they exhibited increased values of compound Mooney 
[0085] The vulcanized rubbers obtained from Polymers A and B which were the copolymers before incorporation of 
^ the silica also exhibited excellent properties as shown in Table 2, and the vulcanized rubbers obtained from Master 
batches A and B after incorporation of the silica exhibited further improved properties, indicating that the disadvantages 
involved In the conventional silica incorporation were eliminated. 

[0088] In addition, as compared with Comparative Examples master batch C and polymer C in which any modifier 
to be used in the present invention was not employed, master batches of the Examples described above had lower 
10 Mooney viscosity and yielded vulcanized rubbers having higher tensile strength and lower tan 5, Indicating excellent 
processability and break characteristics and satisfactorily low hysteresis loss. 

[0087] Also as compared with Comparative Examples master batch D and polymer D In which a conventional modifier 
was used, the Examples exhibited improvement in all Items of processability, break characteristics and low hysteresis 
loss, and were especially excellent with regard to break characteristics. 
IS [0088] According to the method for producing a rubber composition according to the present invention, a rubber 
composition can be obtained which has high wet grip characteristics, break characteristics and wearing resistance and 
satisfactorily low hysteresis loss (low rolling resistance, low gas mileage). 

20 Claims 

1 . A method for producing a rubber composition which comprises: 

the step wherein a conjugated diene monomer, or a conjugated diene monomer and a vinyl aromatic hydro- 
ps carbon monomer are polymerized by using an organic lithium initiator; 

the step wherein an active terminal of the polymer or copolymer thus obtained is modified with a modifier 
represented by the general formula (I) shown below and having reactivity with a silica surface; and 
the step wherein thetemiinally-modified polymer ortemiinaliy-modlfied copolymer thus obtained is mixed with 
a silica in an organic solvent; 

30 

General formula (I) „Si(0R^)„X(4,^.„) 

wherein R*" denotes a substituent having an epoxy group or an unsaturated carbonyl group, X denotes an 
35 alkyl group or a halogen atom, R^ denotes a group selected from the group consisting of aliphatic, alicyclic 

and aromatic hydrocarbons of 1 to 20 carbon atoms, m denotes an integer from 1 to 3, n denotes an integer 
from 1 to 3 and m+n is an integer from 2 to 4. 

2. A method for producing a rubber composition according to Claim 1 , wherein R'' denotes a substituent of 3 to 20 
40 carbon atoms having an epoxy group or an unsaturated carbonyl group. 

3. A method for producing a rubber composition according to Claim 2, wherein R"" denotes a group selected from the 
group consisting of y-glycidoxyethyl, y-glycidoxypropyl, y-glycidoxybutyl, Y-methacryloxymethyl, Y-methacryloxye- 
thyl, Y-methacry!oxypropyl, p-(3,4-epoxycyclohexyl)ethyl and p-(3,4-epoxycyclohexyl)propyl. 

45 

4. A method for producing a rubber composition according to any one of Claims 1-3, wherein X is an alkyl group of 
1 to 20 carbon atoms or a halogen atom. 

5. A method for producing a rubber composition according to any one of Claims 1 -4, wherein R2 is a hydrocarbon 
50 group selected from the group consisting of aliphatic, alicyclic and aromatic groups of 1 to 13 carbon atoms. 

6. A method for producing a rubber composition according to Claim 1 , wherein said modifier having reactivity with a 
silica surface is y-glycidoxypropyl trimethoxysilane or 7-methacryioxypropyl trimethoxysilane. 

55 7. A method for producing a rubber composition according to any one of Claims 1-6, wherein the amount of the 
organic lithium initiator used is from 0.2 to 30 mmol per 1 00 g of the monomer, the amount of the modifier used is 
from 0.1 to 10 molecules per lithium atom in the organic lithium initiator, and the amount of the silica incorporated 
is from 1 to 100 parts by weight per 100 parts by weight of said temninally-modified polymer or temriinally modified 
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copolymer. 

8. A method for producing a rubber composition according to any one of Claims 1-7, wherein the silica is a wet silica. 

5 9. A method for producing a rubber composition according to any one of Claims 1 -8 wherein the rubber composition 
has a Mooney viscosity (ML^^, 100 C) within the range from 20 to 200. 

10. A method for producing a rubber composition which comprises : 

10 the step wherein a conjugated diene monomer of 4 to 1 2 carbon atoms, or said conjugated diene monomer 

and aromatic vinyl monomer are polymerized by using an organic lithium initiator; 

the step wherein a polymeric active terminal of the polymer or copolymer thus obtained is modified with a 
modifier represented by the general formula (la) shown below and having reactivity with a silica surface; and, 
the step wherein the terminally-modified polymer or terminally-modified copolymer thus obtained is mixed with 
15 a silica in an organic solvent; 

General fomiula (la) R'^ mSi(0R'^)nX'(4.^.„j 

20 wherein R'^ denotes a group selected from the group consisting of y-glycidoxyethyl, y-glycidoxypropyl, y-gly- 

cldoxybutyl, y-methacryloxymethyl, y-methacryloxyethyl, y-methacryloxypropyl, p-(3,4-epoxycyclohexyl)ethyl 
and p-(3,4-epoxycyclohexyl)propyl, X' denotes an alkyi group of 1 to 20 carbon atoms or a halogen atom, R'^ 
denotes a group selected from the group consisting of methyl, ethyl, propyl, butyl, phenyl, naphthyl, biphenyl, 
anthryl and phenanthryl, m denotes an Integer from 1 to 3, n denotes an integer from 1 to 3 and m-f n is an 

25 integer from 2 to 4. 



Patentanspriiche 

30 1. Verfahren zur Herstellung einer Kautschukzusammensetzung, umfassend 

den Schritt, In dem ein konjugiertes Dien-Monomer Oder ein konjugiertes Dien-Monomer und ein Vinyl-aro- 
matisches Kohlenwasserstoff-Monomer unter VenA/endung eines organischen Lithium-Initiators polymerislert 
wird (werden); 

35 

den Schritt, in dem ein aktives Ende des so erhaltenen Polymers oder Copolymers mit einem l^odifikations- 
mittel, das durch die unten angegebene allgemeine Fonnel (I) dargestellt wird und das hohe Reaktivitat zu 
einer Siliciumdioxid-Oberflache hat, modifiziert wird; und 

40 - den Schritt, in dem das so erhaltene am Ende modiflzierte Polymer oder am Ende modifizlerte Copolymer mit 

einem Siliciumdioxid in einem organischen Losungsmlttel vennischt wird: 

allgemeine Fomiel (I) R^ ^Si(0R^)„X^4,^.„j 

45 

worin R"" fiireinen Substituenten, der eine Epoxy-Gruppe oder eine ungesattigte Carbonyl-Gruppe hat, steht, 
X eine Alkyl-Gruppe oder ein Halogenatom darstellt, R2 fiir eine Gruppe, die aus der Gruppe, bestehend aus 
aliphatischen, alicyclischen und aromatischen Kohlenwasserstoffen mit 1 bis 20 Kohlenstoffatomen, ausge- 
wahlt wird, steht, m eine ganze Zahl von 1 bis 3 bedeutet, n eine ganze Zahl von 1 bis 3 bedeutet und m+n 
50 eine ganze Zahl von 2 bis 4 ist. 

2. Verfahren zur Herstellung einer Kautschukzusammensetzung nach Anspruch 1 , wobei R"" fiir einen Substituenten 
mit 3 bis 20 Kohlenstoffatomen, der eine Epoxy-Gruppe oder eine ungesattigte Cartonyl-Gruppe hat, steht. 

55 3. Verfahren zur Herstellung einer Kautschukzusammensetzung nach Anspruch 2, wobei R^ fiir eine Gruppe steht, 
die aus der Gruppe, bestehend aus y-Glycidoxyethyl, y-Glycidoxypropyl, y-Glycidoxybutyl, y-IVlethacryloxymethyl, 
y-Methacryloxyethyl, y-Methacryloxypropyl, p-(3,4-Epoxycyclohexyl)ethyl und P-(3,4-Epoxycyclohexyl)propyl, 
ausgewahit wird. 
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4. Verfahren zur Herstellung einer Kautschukzusammensetzung nach einem der Anspruche 1 bis 3, wobei X eine 
Alkyl-Gruppe mit 1 bis 20 KohienstofTatomen oder ein IHalogenatom ist. 

5. Verfahren zur Herstellung einer Kautschukzusannmensetzung nach einem der Anspruche 1 bis 4, wobei R2 eine 
5 Kohtenwasserstoff-Gruppe ist, die aus der Gruppe, bestehend aus aliphatischen, aticyciischen und aromatischen 

Gruppen mit 1 bis 13 Kohlenstoffatomen, ausgewahit wird. 

6. Verfahren zur Herstellung einer Kautschukzusammensetzung nach Anspruch 1, wobei das Modifikationsmittel, 
das ReaktivitatzuelnerSiliciumoxid-Oberflachehat.y-GlycldoxyropyltrimethoxysilanoderT^Methaci^loxypropyltri- 

10 methoxysilan ist. 

7. Verfahren zur Herstellung einer Kautschukzusammensetzung nach einem der Anspmche 1 bis 6, wobei die Menge 
des organischen Lithium-Initiators, die venwendet wird, 0,2 bis 30 mmol pro 100 g Monomer Ist, die Menge des 
Modifikationsmittels, die ven/vendet wird, 0,1 bis 10 Molekulepro Lithiumatom in dem organischen Lithium-Initiator 

IS ist und die Menge an eingearbeltetem Siliciumdioxid 1 bis 100 Gew.-Teile pro 100 Gew. -Telle des am Ende modl- 

flzierten Polymers oder am Ende modifizlerten Copolymers Ist. 

8. Verfahren zur Herstellung einer Kautschukzusammensetzung nach einem der Anspruche 1 bis 7, wobei das Sili- 
ciumdioxid eIn nasses Siliciumdioxid ist. 

20 

9. Verfahren zur Herstellung einer Kautschukzusammensetzung nach einem der Anspruche 1 bis 8, wobei die Kau- 
tschukzusammensetzung eine Mooney-Viskosltat (ML^^, lOO^C) im Bereich von 20 bis 200 hat. 

10. Verfahren zur Herstellung einer Kautschukzusammensetzung, umfassend 

25 

den Schritt, In dem ein konjugiertes Dien-Monomer mit 4 bis 12 Kohlenstoffatomen oder dieses konjugierte 
Dien-Monomer und aromatisches Vinyl-Monomer unter Venwendung eines organischen Lithium-Initiators po- 
lymerislert wird (werden); 

30 den Schritt, in dem ein aktives Polymerende des so erhaltenen Polymers oder Copolymers mit einem Modi- 

fikationsmittel, das durch die unten angegebene allgemeine Formel (la) dargestellt wird und das hohe Reak- 
tlvitat zu einer Siliciumdioxid-Oberflache hat, modlfizlert wird; und 

den Schritt, in dem das so erhaltene am Ende modif izierte Polymer oder am Ende modifizierte Copolymer mit 
35 einem Siliciumdioxid in einem organischen Losungsmittel vermischt wird: 

allgemeine Formel (la) R'^ mSK0R'^)nX*(4.„.n) 

40 worm R'"' fur eine Gruppe steht, die aus der Gruppe, bestehend aus y-Glycidyloxyethyl, y-Glycidoxypropyl, y- 

Glycidoxybutyl, y-Metharcyloxymethyl, yMethacryloxyethyl, y-Methacryloxypropyl, (3-(3,4-Epoxycyclohexyl) 
ethyl und p-(3,4-Epoxycyclohexyl)propyl, ausgewahit wird, X' eine Alkyl-Gruppe mit 1 bis 20 Kohlenstoffato- 
men Oder ein Halogenatom darstellt, R'2 fur eine Gruppe, die aus der Gruppe bestehend aus Methyl, Ethyl, 
Propyl, Butyl, Phenyl, Naphthyl, Biphenyl, Anthryl und Phenanthryl, ausgewahit wird, steht, m eine ganzeZah! 

45 von 1 bis 3 bedeutet, n eine ganze Zahl von 1 bis 3 bedeutet und m+n eine ganze Zahl von 2 bis 4 ist. 



Revendications 

50 1 . Precede de preparation d'une composition de caoutchouc qui comprend : 

une 6tape dans laquelle un monomdre de di^ne conjugu6, ou un monom6re de di6ne conjugu^ et un mono- 
mere d'hydrocarbure aromatique vinylique sont polym6ris6s en utillsant un amorceur organique ^ base de 
lithium ; 

55 I'^tape dans laquelle une terminaison active du polym&re ou du copolym&re ainsi obtenu est modlfi^e avec 

un agent de modification represente par la formule gSn^rale (I) indiqu^eci-dessous et poss^dant un caractere 
r6actif vis-a-vis d une surface de si I ice ; et 

une etape dans laquelle le polymere a temninalson modifiee ou le copolymere a terminaison modiflee ainsi 
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obtenu est m6lang6 avec une silice dans un solvant organique ; 

Formule g6n6rale (I) ^Si(OR^)nX(^^.„j 

dans iaquelle repr^sente un substituant contenant un groupe 6poxy ou un groupe carbonyle insaturd, 
X repr6sente un groupe alkyle ou un atome d'halogene, R2 represente un groupe choisi dans le groupe conn- 
pos6 des hydrocarbures aliphatiques, alicycliques et aromatiques ayant de 1 a 20 atomes de carbone, m 
represente un nombre entier de 1 a 3, n represente un nombre entler allant de 1 ^ 3 et m+n est un nombre 
entier allant de 2 ^ 4. 

2. Proced§ de preparation d'une composition de caoutchouc selon la revendication 1 , dans lequel R^ represente un 
substituant poss6dant de 3 & 20 atomes de carbone contenant un groupe epoxy ou un groupe carbonyle insatur6. 

3. Precede de preparation d'une composition de caoutcliouc seion la revendication 2, dans lequel Ri represente un 
groupe cfioisi dans le groupe compose du 7^glycidoxy6thyle, du y-glycidoxypropyle, du y-glycidoxybutyle, du y- 
methacryloxymethyle, du y-methacryloxyethyle, du y-methacryloxypropyle, du p-(3,4-epoxycyclohexyl)ethyle etdu 
p-(3,4-epoxycyclohexyl)propyle. 

4. Precede de preparation d'une composition de caoutchouc selon Tune quelconque des revendicatlons 1 a 3, dans 
lequel X est un groupe alkyle ayant de 1 ^ 20 atomes de carbone ou un atome d'halogene. 

5. Precede de preparation d'une composition de caoutchouc selon I'une quelconque des revendicatlons 1 k 4, dans 
lequel R2 est un groupe hydrocarbure choisi dans le groupe compose des groupes aliphatiques, alicycliques et 
aromatiques possedant de 1 a 13 atomes de carbone. 

6. Precede de preparation d'une composition de caoutchouc selon la revendication 1 , dans lequel ledit agent de 
modification possedant un caractere reactif vis-^-vis d'une surface de silice est un T^glycidoxypropyltrimethoxysi- 
lane ou un y^methacryl-oxypropyltrimethoxysilane. 

7. Precede de preparation d'une composition de caoutchouc selon I'une quelconque des revendicatlons 1 a 6, dans 
lequel la quantite d'amorceur organique k base de lithium utiiisee est de 0,2 ^ 30 mmoles pour 1 00 g de monomere, 
la quantite de Tagent de modification utiiisee est de 0,1 ^10 molecules par atome de lithium dans I'amorceur 
organique k base de lithium, et la quantite de silice incorporee est de 1 a 100 parties en poids pour 100 parties 
en poids dudit polymere a terminaison modifiee ou copolymere a terminaison modifiee. 

8. Precede de preparation d'une composition de caoutchouc selon I'une quelconque des revendicatlons 1 a 7, dans 
lequel la silice est une silice hydratee. 

9. Precede de preparation d'une composition de caoutchouc selon i'une quelconque des revendicatlons 1 k 8, dans 
lequel la composition de caoutchouc poss^de une viscoslte Mooney (ML^^, .1 OO^C) comprise dans la plage allant 
de 20 & 200. 

10. Precede de preparation d'une composition de caoutchouc qui comprend : 

une etape dans Iaquelle un monomere de difene conjugu6 possedant de 4 ^ 12 atomes de carbone, ou ledit 
monomere de diene conjugue et un monomere vinylique aromatique sent polymerises en utilisant un amorceur 
organique a base de lithium ; 

une etape dans iaquelle une terminaison polymere active du polymere ou du copolymere ainsi obtenu est 
modifiee avec un agent de modification represente par la formule generale (la) indiquee ci-dessous et pos- 
sedant un caractere reactif vis-a-vis une surface de silice ; et 

une etape dans Iaquelle le polymere k terminaison modifiee ou le copolymere k terminaison modifiee ainsi 
obtenu est melange avec une silice dans un solvant organique ; 

Fomiule generale (la) R'^ ^S\(OH\x' 
dans Iaquelle R'"" represente un groupe choisi dans le groupe compose du y^glycidoxyethyle, du y-gly- 
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cidoxypropyle, du y-glycidoxybutyle, du Y-m6thaciryloxym6thyle, du 7^m6thacryloxy6thyle, du T^m^thacryloxy- 

propyle, du p- (3,4-epoxycyclohexyl)6thyle et du p-(3,4-epoxycyclohexyl)propyle, X' represente un groupe 
alkyle poss6dant de 1 & 20 atomes de carbone ou un atome d'halogfene, R'2 represente un groupe choisi dans 
le groupe compos6 des groupes m^thyle, 6thyle, propyle, butyle, phenyle, naphtyle, biphdnyle, anthryle et 
ph6nanthryle, m represente un nombre entier allant de 1 ^ 3, n represente un nonnbre entier de 1 a 3 et m+n 
est un nonnbre entier allant de 2 & 4. 
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